Reasons for performing study: Epiploic foramen entrapment (EFE) is one of the most common causes of small intestinal strangulation in the horse. 
Introduction
The epiploic foramen is located in the right dorsal abdomen of the horse and is bordered by the caudate process of the liver, portal vein and gastropancreatic fold (Schmid 1998) . Entrapment of intestine in the epiploic foramen (EFE) most frequently involves the small intestine and is one of the most common causes of small intestinal strangulation in the horse. Approximately 5-23% of all strangulating lesions of the small intestine, representing 2-8% of horses with colic that undergo surgery, involved EFE (Freeman 2005) . EFE has also been associated with reduced post operative survival .
To date, few studies have investigated the epidemiology of EFE. Crib-biting or windsucking behaviour was identified as a risk factor for EFE in 2 hospital populations (Archer et al. 2004a) . In one of these populations, breed and season were also found to be significantly associated with increased risk of EFE (Archer et al. 2004b ). However, the latter studies used other horses with colic as controls, which may have introduced bias. To date, no studies have investigated risk factors for EFE using a population of noncolic controls. In addition, no studies have investigated other horse-or management-level risk factors for EFE.
The aim of this study was to identify horse-and managementlevel risk factors for EFE. Knowledge of risk factors for this condition could aid the understanding of disease causality and be used to devise disease prevention strategies. The a priori hypothesis was that individuals exhibiting certain behavioural patterns and those exposed to particular management practices are at increased risk of EFE.
Materials and methods

Study design
An international, multicentre, matched case-control study was conducted between January 2004-February 2006 to identify associations between various horse-and management-level risk variables and EFE (outcome variable). University and private clinics based in the UK, USA and Ireland that performed colic surgery on a regular basis were identified. Twenty-three clinics were selected based on geographical location (to ensure a wide geographical distribution) and likely willingness to participate in the study. These clinics were contacted by the principal investigator and 21 agreed to collaborate with the study.
Sample size estimation was performed using Win Episcope 2.0 1 For crib-biting/windsucking as the exposure of interest (odds ratio [OR] for association with EFE = 8, Archer et al. 2004b ) a study with 62 cases and 3 controls per case, assuming 2% exposure in controls (e.g. crib-biting/windsucking behaviour), has greater than 90% power to detect odds ratios of 8 or higher with 95% confidence. This study was matched on clinic to control for differences between individual clinic populations e.g. breeds and management practices common to certain geographical locations. A ratio of 3:1 controls:cases was used.
Case and control definition and selection
Cases of EFE diagnosed at laparotomy or post mortem examination at any of the collaborating clinics during the 25 month study period were recruited onto the study. Cases were identified by clinicians experienced in the diagnosis and treatment of surgical colic. The owner or carer of the horse was informed of the study and asked if they were willing to participate. Once owner/carer consent had been obtained, telephone contact was made with the client to arrange a convenient time to conduct the questionnaire as soon as possible after surgery.
Three controls were selected at random from the same clinic population as the EFE case after notification of cases had occurred. Control selection took place within 2-4 weeks of notification of a case. The sampling frame used was a list of all clients seen at that clinic in the previous calendar year and 3 control clients were selected at random from this list using random number generation. At initial contact with each client, a control 'horse' (defined as a horse or pony) in the care of the client was selected at random. The horse had to fulfil the following inclusion criteria: i) it must not have suffered from colic in the previous 4 weeks; and ii) surgery for colic would be undertaken on this horse if deemed necessary. If the selected horse did not fulfil these criteria, another horse was selected or, if none fulfilled the criteria, a new control client was selected. To maximise compliance, owners were informed that this study was investigating colic in the horse and that we wished to collect general information about horses and their daily care. Owners/carers were unaware of the hypotheses being tested.
Prior to questionnaire administration, owners/carers were notified that information about weights of the feed, last and penultimate anthelmintic administered (date and product used) and the last vaccination administered (date and product) would be required and they were asked to have this information ready.
Questionnaire design and data collection
The questionnaire (see www.evj.co.uk/suppinfo) was constructed based on the format of previous epidemiological studies investigating colic (Reeves et al. 1996; Hillyer et al. 2002) and was designed to obtain information about feed types, stabling and turnout routines, changes in feeding and stabling, anthelmintic administration, horses' behaviour in response to specific stimuli and whether stereotypic behaviour was exhibited. The questionnaire was administered over the telephone by the principal investigator. Internal validity was measured by placing paired questions, that were worded similarly and should elicit the same response, in different parts of the questionnaire.
Statistical analysis
Screening of all variables was performed using univariable conditional logistic regression, to account for matching of cases and controls, with EFE as the dependent variable. Continuous variables were examined in their continuous state and were categorised into quintiles or other biologically plausible categories. If the relationship between the continuous variables and outcome was considered to be significantly nonlinear, other polynomial relationships were explored to see if they significantly improved the fit of the model. To reduce the effects of collinearity, continuous variables were centred by subtracting the mean of the variable from all recorded observations (Kleinbaum et al. 1988) prior to producing higher order terms. The statistical package Stata 2 was used for data analysis.
Variables with a univariable P value <0.2 were considered for subsequent inclusion in a multivariable model. Variables with >20% of missing values were excluded from the initial modelbuilding procedure. To avoid problems associated with collinearity, where variables were considered to be measuring the same exposure or were shown to be highly correlated (Pearson correlation coefficient >0.9), the most statistically significant or biologically plausible variable was selected.
Four submodels were initially created: behaviour, subject details and medical history, nutrition, and other management factors. Variables were retained in each model if their manual exclusion resulted in a likelihood ratio test statistic (LRTS) of P<0.05. The variables identified in each of these models were pooled and used to develop the final effects model (Reeves et al. 1996) . All the remaining variables considered for inclusion were then forced back into the model to ensure that no significant or confounding variables had been excluded. A change in the coefficient of >25% was considered to be indicative of confounding. Variables with >20% missing values were also retested in the model at this stage. The effect of biologically plausible interaction terms was tested in the model. Model stability was assessed by examination of the standardised deltabetas (Dohoo et al. 2003) for all of the variables in the final model using the computer program Egret 3 . The model was considered to be stable if removal of individual cases or controls altered the odds ratio by <25% and did not affect the significance of individual variables in relation to the critical P value of 0.05.
Results
Descriptive analysis
Notification of a total of 119 cases of EFE occurred, from 26th January 2004-28th February 2006, and 109 of these were recruited onto the study (Fig 1) , from 16 of the collaborating clinics; 80 (73%) were horses based in the UK, 23 (21%) were based in the USA and 6 (6%) in Ireland. All these cases involved entrapment of the small intestine and no cases of entrapment of the small or large colon in the epiploic foramen were diagnosed. Cases were identified all year round with the greatest number (n = 21: 17.4%) identified in January. Seasonal distribution was similar to the seasonal pattern of EFE identified in a UK hospital population (Archer et al. 2004b (Archer et al. , 2006 . A total of 310 control owners were recruited onto the study (Fig 1) . The questionnaires for cases and controls took a mean of 23 min to complete (range 12-67 min). Internal validity was found to be high (>90% agreement).
Univariable analysis
The results of univariable conditional logistic regression analysis of all categorical variables with P<0.05 relating to horse-and management-level variables, and breed, age and use are shown in Table 1 . Crib-biting/windsucking behaviour was strongly associated with increased risk of EFE. The variables 'woodchewing' (P = 0.70), 'weaving' (P = 0.24), 'box-walking' (P = 0.36) and 'locomotor stereotypic behaviour' (P = 0.45) showed no association with risk. Increasing height and weight were significantly associated with increased risk in univariable analysis (Table 2 ). These variables were highly correlated (Pearson correlation coefficient >0.9); therefore the variable 'height' was chosen for inclusion in the model as it was considered that these data were more accurate. A squared term for height was *Continuous centred variable. This represents a 5.9-fold increase in risk of EFE in a horse of 173 cm in height compared to one of 137 cm in height. **Explanation of interaction term: Owner/carer/spouse involved in daily care and horse not exhibiting crib-biting/windsucking behaviour, OR = 1; Owner/carer/spouse involved in daily care and horse that does exhibit crib-biting/windsucking behaviour, OR = 67; Owner/carer/spouse not involved in daily care and horse that does not exhibit crib-biting/windsucking behaviour, OR = 5.5; Owner/carer/spouse not involved in daily care and horse exhibits crib-biting/windsucking behaviour, OR = 34 (67.27 x 5.50 x 0.09). found to fit the model best (Table 2) . Increasing age was not significant in its linear form but a squared term for age was significantly associated with increased risk of EFE.
Crib-biting/windsucking behaviour
The prevalence of crib-biting or windsucking behaviour was 47% in the case population and 14 5% in the control population. Other variables that appeared to be associated with crib-biting/ windsucking behaviour included an episode of colic in the previous 12 months (Chi-square P<0.0001), the time stabled/week (2-sample t test, P = 0. 
Multivariable analysis
A multivariable logistic regression model is shown in Table 3 . Crib-biting/windsucking behaviour showed the strongest association with risk of EFE. Increasing height and a history of colic in the previous 12 months were also associated with increased risk of EFE. Horses that were considered to be easily frightened, those who actively investigated their surroundings, those who sweated up when excited and those who went off their feed when perceived to be stressed were at reduced risk of EFE. The variable 'feeding when stressed' significantly improved the fit of the model. However, the change in risk associated with this variable should be interpreted with caution due to the wide 95% CI that includes 1. The principal carer of the horse was associated with altered risk of EFE and there was a statistically significant multiplicative interaction (P = 0.02) between this variable and the variable 'crib-biting/windsucking' (Table 3) . Individual cases and controls with delta-betas >0.4 or <-0.4 were removed from the dataset and the model was rerun. Removal of a single case (a miniature Shetland pony of 67 cm in height) and 2 controls with large delta-betas for height changed the significance of the height 2 term in relation to the critical P value of 0.05 but the linear height term remained significant in the model (P = 0.007, OR 1.05, 95% CI 1.01-1.09). These data were correct and so these individuals were retained in the final analysis. The other variables in the model remained statistically significant when cases and controls with large delta-betas were removed from the model.
Discussion
Few studies have investigated the epidemiology of specific types of colic using a population of noncolic controls. This is the first epidemiological study to investigate horse-and management-level risk factors for epiploic foramen entrapment (EFE) using a representative population of 'at-risk' horses as controls. To the authors' knowledge, this is also the first international study to investigate risk factors for colic in more than one country.
In the present study, crib-biting/windsucking behaviour was stongly and positively associated with the risk of EFE. The prevalence of this behaviour in the case population was very high (47%) and is consistent with previous findings (Archer et al. 2004a,b) where this behaviour was found to be a risk factor for EFE using other horses with colic as controls. The prevalence of crib-biting/windsucking behaviour in the control population in the present study was comparable to that reported in normal horse populations of 5.5-7.3% (McGreevy and Nicol 1998) .
Anecdotally, crib-biting and windsucking behaviour has been associated with colic (Frauenfelder 1981) but this association had not been proven (McGreevy and Nicol 1998) . In the present study, case and control horses exhibiting this behaviour were significantly more likely to have suffered from colic in the previous 12 months compared to case and control horses who did not exhibit this behaviour. Crib-biting/windsucking behaviour has also been associated with a large increase in risk of simple colonic obstruction/distension (SCOD) colic (Hillyer et al. 2002) . The association between crib-biting/windsucking behaviour and the risk of EFE colic has been reported previously (Archer et al. 2004a,b) . The evidence from these studies suggests that cribbiting/windsucking behaviour is associated with specific types of colic and with colic in general. This supports the theory that this behaviour is associated with underlying gastrointestinal dysfunction (McGreevy et al. 2001) .
Horses with a history of colic in the previous 12 months were identified to be 4.4 times more likely to develop EFE compared to horses that had not suffered colic in the previous 12 months. A history of a previous episode of colic has previously been identified as a risk factor for colic in general (Cohen et al. 1995 (Cohen et al. , 1999 Reeves et al. 1996; Tinker et al. 1997 ) and for SCOD colic (Hillyer et al. 2002) . There was no interaction between the variables 'crib-biting/windsucking' and 'colic in the previous 12 months' in the model i.e. a history of colic in a horse exhibiting this behaviour does not increase the risk of EFE further. The finding that a previous episode of colic is a risk factor for EFE is further evidence to suggest that these horses may have some underlying gastrointestinal dysfunction. This hypothesis is biologically plausible given that horses with abnormal intestinal physiology have been identified to be at increased risk of large intestinal colic (Fintle et al. 2004 ). The precise intestinal physiological factors that may predispose horses to EFE require further investigation.
The type of person(s) looking after the horse on a daily basis was found to be associated with altered risk of EFE. This is similar to the findings of Reeves et al. (1996) and Hillyer et al. (2001) that horses whose owners provided their care were at decreased risk of colic or recurrence of colic compared to horses cared for by a nonowner. In this study we used a slightly different definition and considered this variable to be a marker for a number of management-level variables that in themselves are insignificant but when grouped together become significant, e.g. feeding practices, stabling and turnout routines. There was a significant multiplicative interaction between the variables 'carer' and 'cribbiting/windsucking' in the final model. A Chi-squared test indicated that horses exhibiting crib-biting/windsucking behaviour were no more likely to have their owner/owner's relative or spouse involved in their daily care than those not exhibiting this behaviour. For horses not exhibiting this behaviour, horses whose principal care did not involve the owner, owner's spouse or relative were at increased risk of EFE (OR 5.5) compared to horses whose principal care did involve the owner, owner's spouse or relative (OR 1.0). Interestingly, horses who exhibited crib-biting/windsucking behaviour were at less risk of EFE if an owner, owner's spouse or relative was not involved in their daily care (OR 33.8) compared to horses whose owner, owner's spouse or relative was involved in their daily care (OR 67.3) . This may be a spurious finding but was considered to be biologically plausible if the type of carer influences how horses that exhibit crib-biting/windsucking behaviour are managed. McBride and Long (2001) demonstrated that horse owners do have different perceptions about horses exhibiting this behaviour and will manage these horses in different ways. However, the latter study was restricted to certain types of premises and did not explore the relationship between the type of person looking after these horses and more specific management practices that may be influenced by the presence or absence of cribbiting/windsucking behaviour. This is an area for future research.
Few studies have investigated the relationship between equine behaviour and colic. Given that a behavioural pattern (crib-biting/ windsucking behaviour) has been identified as a large risk factor for EFE in previous studies (Archer et al. 2004a,b) , we considered that it was important to determine whether other equine behavioural patterns were associated with altered risk of EFE. In the study by Hillyer et al. (2002) , horses whose carers described their temperament as 'nervous' were significantly more likely to suffer SCOD colic compared to those who were not. Although this variable was significant in the univariable analysis of risk factors for SCOD colic, it did not remain in the final model of the latter study. Owners' assessment of perceived personality traits have shown to be unreliable (Mills 1998) ; therefore, in the present study we measured owners'/carers' assessment of their horses' responses to feed or to a variety of stimuli. These are evoked responses that it was considered provided the most consistent and accurate way of measuring behaviour using a telephone administered questionnaire. A number of behavioural features were associated with a reduced risk of EFE and several of these remained in the final, multivariable model. Horses that were considered to be easily frightened by certain stimuli, those who sweated up when excited (everytime or occasionally), or who actively investigated their surroundings and horses that went off their food in full/part in response to a stressful situation (e.g. competition, change of premises) were at reduced risk of EFE. Work in other species has demonstrated that in the later stages of stereotypic behaviour, where the behaviour has become established, animals may begin to withdraw from their environment (Cooper and Nicol 1991) . The behavioural risk factors identified in the present study suggest that these horses do not exhibit the behavioural responses that might be expected in the wild to a stimulus that causes a fright response, excitement, interest or stress. These behavioural features may represent a means by which these individuals have adapted to domestication. It is not suggested that these behavioural responses have a direct causal effect on the risk of EFE but that there is an association between behavioural patterns and EFE that requires further investigation.
The variables used to measure behaviour in the present study were subjective and based on the owner's or carer's assessment of the horse. Therefore, the findings require validation using direct observation by trained observers and by using more objective measurements of equine behaviour (Momozawa et al. 2003) . The questionnaire was carefully designed to make it easier for the owners to give a spontaneous, truthful answer rather than to give an answer based on any preconceived ideas that owners may have had about the relationship between behaviour and colic. It was therefore considered that the behavioural variables measured by the questionnaire are no more susceptible to bias than other variables. Rerunning the model without the behavioural variables relating to horses' response to stimuli had little effect on the interpretation of other variables in the final model.
Horses of greater height were associated with an increased risk of EFE even when other potential confounders such as stabling, turnout, nutrition and exercise were taken into account. For example a horse of 173 cm in height (17 hands) is at 5.9 times greater risk of EFE compared to one of 137 cm in height (13.2 hands). This finding may reflect anatomical differences in the relative dimensions of the epiploic foramen making entrapment more likely in larger horses. This finding is biologically plausible if the size of the foramen in relation to the small intestine means that entrapment physically cannot occur or is less likely to occur in smaller horses. In a study of the anatomy of the epiploic foramen (Schmid 1998 ) the dimensions of the foramen were measured in 15 horses subjected to euthanasia for reasons unrelated to the gastrointestinal tract. There was no relationship between the width of the foramen and age of horses but a weak, non-significant correlation between the width of the foramen and weight of the horse was reported. Further work is required to investigate the relative dimensions of the epiploic foramen in a larger number of horses of different breeds and sizes.
Some clinicians have suggested an age predisposition for EFE (Wheat 1972 ), but to the authors' knowledge there is no scientific evidence to support this hypothesis. Clinically, EFE occurs in a wide age range of horses and a study conducted by Freeman and Schaeffer (2001) demonstrated that increasing age is not associated with increased risk of EFE. These findings are supported by the results of the present study. Thoroughbred (TB) and TB-cross horses have been associated with increased risk of EFE (Archer et al. 2004b ) but breed was not statistically significant in univariable analysis nor in the final model. However, height did remain in the final model and may explain why these breeds have previously been associated with increased risk of EFE compared to other, smaller breeds.
Owners of cases in this study were aware that we were investigating colic and control owners were told the reasons for conducting the study to avoid any differential bias between the 2 groups. In addition, owners perceive colic to be an important disease of the horse (Mellor et al. 2001) and we wished to maximise the number of owners/carers who agreed to participate in the study thereby minimising the effect of sample bias. Such knowledge could have potentially biased their answers based on any preconceived ideas that they may have had about this disease. Questions were carefully constructed to make it easier for owners to give truthful answers rather than to give an answer based on any preconceived ideas they had about colic. In addition no study hypotheses were discussed prior to or during questionnaire administration. We sought to minimise recall bias by basing most questions on horses' current and recent (within 28 days prior to questionnaire administration) health and management. It was not possible to externally validate this information or obtain accurate information for certain variables. For example, a large number of owners/carers did not know the precise weight of feed that the horses were receiving and were unable or unwilling to provide this information. Therefore feed weights were estimated based on scoop sizes/quarts and haynet sizes when necessary. There is a need for more accurate tools to evaluate the influence of diet on the risk of equine colic and ways in which the information obtained can be validated e.g. use of diaries that are kept prospectively to record dietary and other management changes. The association between horses of greater height and those with a previous history of colic and increased risk of EFE suggests that some horses may be inherently predisposed to EFE. This limits the advice that can be given to reduce the risk of EFE occurring in highrisk individuals. Behaviour is an area that may potentially be modifiable. Further research is required to validate the findings from the present study using observational tools and to determine the factors responsible for the behavioural features of horses identified to be at increased risk of EFE. If there is a direct causal association between crib-biting/windsucking behaviour and EFE, preventing this behaviour from developing may reduce the risk of EFE.
We have identified a strong association between crib-biting/ windsucking behaviour and the risk of EFE using a population of noncolic controls. A history of colic in the previous 12 months and horses of greater height also showed significant associations with this outcome. The finding that the person(s) responsible for horses' daily care altered the risk of EFE may represent weak evidence to support our hypothesis that certain management practices increase the risk of EFE. Furthermore, we believe that we have characterised a behavioural pattern that is common to horses at increased risk of EFE. Understanding the causal pathway linking behavioural traits with gastrointestinal dysfunction would be a major step towards the development of control strategies for this condition.
